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ABSTRACT 
Colloidosomes have attracted great interest in recent years because of their capability for 
storage and delivery of small molecules for medical and pharmaceutical applications. 
However, traditional polymer shell colloidosomes leak low molecular weight drugs due to 
their intrinsic shell permeability. Here, we report aqueous core colloidosomes with a silver 
shell, which seals the core and makes the shell impermeable. The silver coated colloidosomes 
were prepared by reacting L-Ascorbic acid in the microcapsule core with silver nitrate in the 
wash solution. The silver shell colloidosomes were then modified by using 4,4’-
dithiodibutyric acid and crosslinked with rabbit Immunoglobulin G (IgG). Label-free Surface 
Plasmon Resonance was used to test the specific targeting of the functional silver shell with 
rabbit antigen. To break the shells, ultrasound treatment was used. The results demonstrate 
that a new type of functional silver coated colloidosome with immunoassay targeting, non-
permeability, and ultrasound sensitivity could be applied to many medical applications.  
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INTRODUCTION 
Small hydrophilic drug molecules are widely used in the pharmaceutical industry and play an 
important role in medical applications. However, their characteristics including rapid 
clearance, suboptimal biodistribution, toxicity, nonspeciﬁc targeting as well as low 
intracellular absorption can limit their therapeutic efficacy [1-4]. An approach to avoid these 
limitations is to encapsulate the drugs in carriers, which can deliver them to targeted areas, 
before releasing them to achieve their functions [5]. During the past 20 years, water core 
colloidosomes have attracted great interest, since they have a good capability to load and 
deliver small molecules [6-10]. For example, they can be used to delay the release of an active 
drug species, until the reaction conditions are suitable [11]. In medical applications, 
colloidosomes can be used as drug delivery systems with targeted delivery and controlled 
release options [12-14].  
Most polymer shell colloidosomes are leaky to small molecules due to the intrinsic 
permeability of their shells. This greatly limits their practical application in medical ﬁelds [15-
19]. In a previous study, we synthesized impermeable silver coated colloidosomes achieved by 
using L-Ascorbic acid in the core and silver nitrate (AgNO3) in the wash solution
 [20]. The 
shell was chosen because silver particles are widely used in biomedical applications [21-23], 
especially for thiol linkers to selectively bind receptor proteins in targeted drug delivery 
applications [24-26]. 
As well as encapsulation, the suppression of non-speciﬁc targeting also needs to be 
solved. When using capsules for controlled drug delivery, it may be necessary to target the 
drug to particular places or cells in the body and to control the duration of action of the drug 
[27]. In this paper we used thiol chemistry to modify the colloidosomes and to crosslink the 
impermeable modified silver shell colloidosomes with rabbit Immunoglobulin G (IgG), as a 
model to demonstrate specific targeting. The silver shell colloidosomes may quench any 
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fluorescence or dye tagging signal [28-31], which could affect fluorescence. To solve this 
problem, a Surface Plasmon Resonance (SPR) biosensor was used to test if the colloidosomes 
are specifically attached to a surface modified with anti-rabbit IgG [32-35]. The SPR biosensor 
is a label-free and high-sensitivity technique, which has been widely used for quantitative 
analysis of various target biomolecules [36, 37]. In addition, we examined the permeability of 
the silver coated colloidosomes to dye solution (Allura Red AC) and demonstrate breakage of 
the silver shell using an ultrasound treatment. 
Unlike many drug carriers, the functional silver coated colloidosomes have the capability 
of specific targeting as well as small molecule encapsulation and their release can be triggered 
by ultrasound. For example, compared with the impermeable silver shells, most traditional 
polymer shell capsules will leak small molecule materials after a few hours [6-10, 15-19]. In 
addition, manufacture of colloidosomes in this way avoids the use of high temperatures and 
high concentrations of harsh solvents. For instance, the making process of some MOFs metal 
vesicles [38, 39] and metal shells [40] need to use solvent or high temperatures. Hence, the silver 
coated colloidosomes are ideal to meet the demands of medical applications, which include 
targeted carriers for small molecules and controlled drug delivery. 
EXPERIMENTAL SECTION 
Materials. The water used in all experiments was deionized of resistivity 18.2 MΩ•cm 
produced by a Pure Lab Ultra apparatus. Sodium dodecyl sulfate (SDS, Fisher Scientific), 
Allura Red AC dye (Sigma-Aldrich), 4,4’-dithiodibutyric acid (DDA, 95%, Sigma-Aldrich), 
N-hydroxysulfosuccinimide sodium salt (Sulfo-NHS, ≥ 98%, Sigma-Aldrich), N-(3-
dimethylaminopropyl)-N’-ethylcarbodiimide hydrochlroride (EDC, ≥ 98%, Sigma-Aldrich) 
and phosphate buffered saline (PBS, Sigma-Aldrich) were used as received without 
purification. The StabilCoat® Immunoassay Stabilizer, Rb-IgG and anti-rabbit IgG produced 
in rabbits were purchased from Sigma-Aldrich. The vortex mixer was a TopMix FB15024 
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(Fisher Scientiﬁc). The dialysis tubing was Spectra/Por Dialysis membrane with a MWCO of 
12000-14000 (Spectrum Laboratories). The silver coated colloidosomes and polymer shell 
colloidosomes were synthesized following a previous paper [20]. Briefly, Poly (methyl 
methacrylate-co-butyl acrylate) latex particles were synthesized via emulsion polymerization. 
The diameter of the latex particles was determined as 153 nm by dynamic light scattering 
using a Brookhaven Zeta-PALS. 2 mL of 5.6 wt% latex particles and 15 wt% L-Ascorbic acid 
suspension was added into a mixture of 4 mL Span 80 and 200 mL sunﬂower oil using a 
Silverson high shear mixer. Then the whole mixture was heated at 50 °C for 1 h, and then was 
centrifuged to get L-Ascorbic acid solution core capsules. Silver coated colloidosomes can 
then be prepared by using silver nitrate (AgNO3) in the wash solution. The diameter of the 
water core is from 0.7 µm to 2 µm. The thickness of the polymer shells is the diameter of the 
latex, about 153 nm. . 
Attachment of Rb-IgG to silver shell colloidosomes. A known mass of silver coated 
colloidosomes were dispersed in 0.5 wt% 4,4’-dithiodibutyric acid (DDA) solution using the 
vortex. The mixture was then gently mixed by a magnetic stirrer for 48 hours at room 
temperature. After the reaction, the whole mixture was centrifuged at 1500 rpm for 2 min. The 
supernatant was removed using a pipette. The modified silver shell capsules were washed and 
redispersed five times using ultra-pure water. 1 ml of modified silver coated colloidosomes 
was transferred to an eppendorf tube. 10 µl of N-hydroxysulfosuccinimide sodium salt (sulfo-
NHS, 50 mg/ml) and 10 µl of N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide 
hydrochlroride (EDC, 50 mg/ml) were added to the eppendorf tube to activate the carboxylic 
acid of DDA on the modified silver shell surface. Then the eppendorf tube was put on a 
rotator for 20 min. After rotating, the suspension was centrifuged at 2000 rpm for 2 min at 
25°C. The supernatant was removed via pipetting and the sediment was redispersed in PBS 
buffer solution using a vortex mixer. This washing process was repeated three times. After 
washing, 16.2 µl of Rb-IgG (12.35 mg/ml, rabbit antigen) was added into the colloidosome 
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suspension such that the concentration of Rb-IgG in the suspension was 200 µg/ml. The 
whole mixture was incubated with rotational mixing at 4ºC for 1 h and washed three times 
using PBS buffer solution. The silver shell colloidosome protein attachment is achieved 
through peptide coupling which involves the activated carboxylic acid and the N-terminal of 
the protein. The modified silver coated colloidosomes were then stored at room temperature. 
SPR gold film crosslinking. A glass slide coated with a gold film of 50 nm thickness 
was washed with 70% ethanol and dried with nitrogen gas. 500 µl of DDA in water (1 mM) 
was introduced to the central part of the gold film and rested for 1 h. 10 µl of sulfo-NHS (50 
mg/ml) and 10 µl of EDC (50 mg/ml) were added to the DDA solution in the central part of 
the gold film and left for 30 min. After resting, the gold film was washed with ultra-pure 
water and dried with nitrogen gas. This washing was repeated three times. Then 500 µl anti-
rabbit IgG (200 µg/ml) was placed and confined to the central area of the gold film and left 
for 1 h at 4˚C. After resting, the gold film was washed with ultra-pure water and dried with 
nitrogen gas three times and stored in PBS solution at 4˚C. 
Targeting model - Immunoassay targeting. A home-built spectral Surface Plasmon 
Resonance biosensor setup was used to perform the immunoassay experiments [41]. Before the 
measurements, the silver shell colloidosomes were coated with rabbit Immunoglobulin G 
(IgG). In addition, the SPR gold film was immobilized with anti-rabbit IgG. The method for 
attaching this capture ligand is similar to the immobilization technique used for silver shell 
colloidosomes. Figure 1 shows the SPR experimental flow chart. Firstly, a known volume of 
the PBS solution was ﬂowed into the cell for 10 min. After washing, the first data was 
recorded. Then a suspension of modified silver coated colloidosomes with rabbit antigen in 
PBS solution, was injected using a syringe. After the SPR channel was ﬁlled with solution, the 
second data was recorded. Then the cell was rotated by 90° and kept in this horizontal 
position for 10 min to allow the silver shell capsules to settle onto the gold film. This also 
allows sufﬁcient time for the binding between the antigen crosslinked with the silver shell and 
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the antibody crosslinked with the gold film of SPR. After resting for 10 min, the third data 
was recorded and the cell was then rotated back to the vertical configuration. Finally, PBS 
solution was ﬂowed into the cell for 10 min to wash away any unbound analyte. After 
washing, the fourth data was recorded. The reﬂectance spectrum is analyzed and the peak 
wavelength is recorded. 
Dye encapsulation. To encapsulate dye in the silver shell colloidosomes, a mixture, 
which contained 5.6 wt% latex particle, 15 wt% L-Ascorbic acid and 2 wt% Allura Red, was 
prepared. 2 mL of this mixture was then added into a mixture of 200 mL sunﬂower oil and 4 
mL Span 80 for emulsifying and sintering. After sintering, the sunflower oil was removed and 
the microcapsules with L-Ascorbic acid and Allura Red were redispersed in AgNO3 solution 
to form a silver shell, sealing the capsules. All the other colloidosome preparation steps are 
the same as reported previously [20].  
Release by ultrasonic treatment. The ultrasonic treatment was performed by using an 
ultrasonic processor GEX 750 (Sonics & Materials Inc., USA) operating at 20 kHz and 50 W. 
The probe of the ultrasonicator was injected into a capsule suspension in a plastic tube. An ice 
bath was applied to ensure that the temperature change of the capsule suspension was less 
than 5 °C. 
Sample characterization. The colloidosomes were imaged by scanning electron 
microscopy (SEM). A Zeiss X-beam FIB SEM was used at an accelerating voltage of 5.0 kV. 
A drop of particle suspension was air-dried on a stainless steel SEM stub overnight. The silver 
coated colloidosome samples were imaged without any treatment.  
The silver shell colloidosomes were also imaged by transmission electron microscopy 
(TEM). An FEI Philips Tecnai 20 TEM was used at 200 keV (Tungsten, LB6) high-energy 
electron beam. A drop of colloidosome sample was added onto a TEM disc and then 
transferred to the specimen holder.  
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A Renishaw inVia Raman microscope equipped with two lasers (514.5 nm and 633 nm), 
microscope, video camera, X-Y-Z stage controller, and a 1200-groove grating was used for 
analyzing the structure of modified silver shell colloidosomes. The Ramascope-1000 system 
is a fully automatic Raman microscope.  
The surface charge of silver coated colloidosomes was measured in aqueous suspensions 
at 20 ˚C using a Brookhaven ZetaPALS. The pH of the suspension was adjusted using buffer 
solution.  
A UV-vis spectrophotometer equipped with a tungsten lamp (Thermo Scientiﬁc, model 
Heλios Gamma) was used for spectrometry measurements. The dyed samples were 
characterized by spectrophotometry in 10 mm path length polystyrene cuvettes. The 
absorbance value at 500 nm was recorded using ultra-pure water as the reference.  
The Thermo Scientific NanoDrop ND-1000 spectrophotometer was used to measure the 
concentration of protein samples without dilution. The module displays the UV spectrum, 
measured the protein’s absorbance at 280 nm and calculated the concentration (mg/ml). 
Confocal laser scanning microscopy (CLSM) images were captured with a Leica TS confocal 
scanning system (Leica, Germany) equipped with a 63×/1.4 oil immersion objective. 
RESULTS AND DISCUSSION 
Modification of silver coated colloidosomes. Figure 2 shows the SEM, processed TEM 
images of the silver coated colloidosomes as well as the Raman spectra for non-modified and 
modified silver coated colloidosomes. The polymer shell colloidosomes are fully covered by 
lamellar silver particles and the diameter of the water core is around one to two microns. It 
can be seen that the modified silver coated colloidosomes have an additional peak at 223 cm-1 
Raman shift. This is likely to correspond to a Ag-S bond [42], and it indicates the successful 
modification reaction between the silver shell colloidosomes and 4, 4’-dithiodibutyric acid as 
shown schematically in Figure 3. Table 1 shows the Zeta potential of non-modified and 
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modified silver coated colloidosomes. When the pH reached 10, the Zeta potential of the non-
modified colloidosomes was -63.2 ± 4.0 mV. One reasonable explanation is that during the 
synthesis some SDS surfactant attached onto the silver surface and caused the negative charge. 
Even after washing, a small amount of SDS remains [43]. After modification, the silver coated 
colloidosomes became less negatively charged (-25.4 ± 4.1 mV). The increased Zeta potential 
could be because of the thiol chemistry replacing part of the silver surface of the 
colloidosomes. In addition, we used an excessof ascorbic acid and there may be trace amounts 
still in the capsules even after washing a few times. The Raman and electrophoresis results 
suggest successful modification of the colloidosomes surface. The modified silver coated 
colloidosomes were then used for Rb-IgG crosslinking and immunoassay experiments. 
Targeting model - Immunoassay targeting. Figure 4 shows SPR reflectivity graphs of 
the antigen solution, non-modified silver shell colloidosomes and modified silver shell 
colloidosomes. Figure 5 shows a bar chart of the SPR wavelength shift after 10 min settling 
and after washing. The resonance wavelength exhibits as the dip in the distribution 
demonstrating sensitivity to antigen and silver shell colloidosomes deposition. Before 
measuring the reflectivity of modified samples, two blank tests were carried out to measure 
the quantitative red shift of the blank immunoassay reaction and to investigate if any physical 
adsorption exists between the silver coated colloidosomes and the gold surface of SPR. Two 
blank tests were: (i) antigen solution and (ii) non-modified silver shell colloidosomes. Figures 
4a and 4b illustrate that when injecting antigen solution, there was a 2.3 nm red shift even 
after washing. This was caused by the attachment of antigens, which were paired with the 
antibodies on the gold surface of SPR. Figures 4c and 4d suggest that when injecting the non-
modified silver shell colloidosomes, there was a 1.5 nm red shift at the ‘10 min’ position. 
However, after washing, the reflectivity graph came back to the original position and there 
was almost no red shift. It can be seen from Figure 5 that the wavelength shift of non-
modified samples was about negligible. This indicates that there is no obvious physical 
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adsorption between the silver coated colloidosomes and the gold surface. The red shift after 
10 min of deposition can be simply explained by the settling of the colloidosomes onto the 
gold surface and they are easily washed away by the buffer solution. Figures 4e and 4f show 
SPR reflectivity graphs of modified silver shell colloidosomes. It is seen that there was a 2.1 
nm red shift after washing. The red shift was caused by the binding between the antigen 
crosslinked with the silver shell and the antibody crosslinked with the gold film of SPR. After 
the immunoassay experiments for the modified silver shell colloidosomes, we removed the 
gold film and washed it a further three times. There were still many modified capsules on the 
gold film as shown in Figure 6. Figure 6a is a low magnification for the gold film. Figure 6b 
and c are different areas and different magnification of the film. For the gold substrate, which 
was reacted to unmodified silver shell colloidosomes, there was only a few impurities and 
dust on the surface, with no silver shells. 
The silver shell colloidosomes for this experiment were modified by DDA solution and 
then attached to rabbit antigen. We used non-modified silver shell colloidosomes as a control 
experiment to see the attachment efficiency. The concentration of the antigen solution was 
measured using Nanodrop a ND-1000 Spectrometer. After the crosslinking reaction, the 
average supernatant concentration for non-modified and modified samples were tested to 
calculate the loading efficiency. The loading efficiency of non-modified silver shell 
colloidosomes is about 5.5 µg/mg and 7.4 µg/mg for modified silver shell colloidosomes. One 
reasonable explanation is that the silver shell can adsorb some antigens by physical adsorption 
[44, 45]. For modified samples, there existed both physical adsorption and chemical reactions. 
The modified silver shell colloidosome protein attachment is achieved through peptide 
coupling which involves the activated carboxylic acid and the N-terminal of the antigen 
protein. This chemical reactions can be demonstrated by the immunoassay SPR results. These 
two factors caused the lower antigen concentration of the supernatant.  
Dye encapsulation. Figure 7 shows the release of Allura Red dye from colloidosomes. 
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The reason why we used Allura Red AC is that this dye will not affect the colloidosomes 
making process. It is small enough to diffuse from the porous polymer shells and is not too 
pH sensitive. The two samples were either sealed with a silver or polymer shell. Before 
measuring the dye release of silver coated colloidosomes, some blank tests were carried out to 
investigate if any chemical reactions exist between Allura Red dye, free-moving latex 
particles and silver particles. Three blank tests were: (1) Allura Red dye (28 mg) in ultra-pure 
water (20 mL); (2) Allura Red dye (28 mg) in ultra-pure water (18.6 mL) and latex particles 
(1.4 mL, 5.6 wt % particle suspension in ultra-pure water), which was stirred for 1 min; (3) 
Allura Red dye (28 mg) in ultra-pure water (18.6 mL), latex particles (1.4 mL, 5.6 wt % 
particle suspension in ultra-pure water) and 0.26 g silver particles, which were produced by 
mixing L-Ascorbic acid and AgNO3 directly. The amount of silver in the control is the same 
as the colloidosomes. The release data was normalized by the amount of encapsulated dye. 
This is the amount of dye added to the experiment minus the amount measured in the waste 
oil and wash solution. All mixtures were transferred into 10 cm of dialysis tubing and 
immersed in gently stirred ultra-pure water (450 mL).  
Figure 7 illustrates the dye release proﬁles for the blank tests. It can be observed that all 
three control samples (samples 1, 2 and 3) leaked without any trigger and have similar trends. 
The final release percentage of samples 2 and 3 was approximately 92%. For sample 1, the 
final release percentage was a little higher, around 96.5%. It should be noted that the free-
moving latex can absorb a small amount of dye. Figure 7 also illustrates the dye release 
proﬁle for polymer shell colloidosomes (sample 4). The release rate from polymer shell 
colloidosomes was slower than unencapsulated material in dialysis tubing and the time to 
reach 50 % release was approximately 210 h. This is slower than previously reported for 
fluorescein release and may be due to either the size of Allura red AC or an interaction with 
the latex. The final release percentage of sample 4 was approximately 78%. This is lower than 
the control samples and indicates that some dye was lost during the manufacturing process 
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and also possibly absorbed onto the latex particles. 
The silver shell colloidosomes for this experiment were prepared by using 15 wt% L-
ascorbic acid in the core and 0.1 wt% AgNO3 in the wash solution at room temperature for 1 h. 
It can be seen that there was negligible dye outside the silver shell colloidosomes (sample 5) 
even after 400 h. When 5mL 1 wt% nitric acid was added to dissolve the silver shell (sample 6) 
at 65 °C for 10 min, the release occurred up to a maximum release yield of around 20 %. 
During the process of dissolving the silver shell, the high temperature (65 °C) and nitric acid 
may destroy some of the dye, which could account for the relatively low apparent 
encapsulation efficiency. The results of samples 5 and 6 indicate that the silver shell can 
totally seal the encapsulated material and that release from the silver shell can be triggered by 
dissolution of the shell upon addition of nitric acid. 
Release by ultrasonic treatment. A suspension of microcapsules was subjected to 
ultrasound sonication at 20 kHz for diﬀerent durations. Figure 8 shows SEM images of silver 
shell colloidosomes after various sonication times. It can be seen that some of the capsules 
were broken into fragments after 120 s of treatment and most of the capsules were destroyed 
after 240 s.  Figure 9 shows CLSM images of dyed silver shell colloidosomes after various 
sonication times. The colloidosomes were dyed using Allura Red AC. It was seen that intact 
dyed silver shell colloidosomes were found without sonication. After 60 s and to more extent 
after 120 s of ultrasound treatment, the colloidosomes look broken, as supported by SEM 
images in figure 8. For longer times of ultrasound treatment (120 and 240 s), a significant 
number of the capsules were broken into fragments but still appear stained due to dye attached 
to capsule debris.  After 240 s sonication, only a few colloidosomes remained intact. In the 
confocal images there are many small fluorescent pieces of capsule debris and there is an 
increase in background fluorescence indicating released dye.  
For the ultrasound treatment with a high power of 50 W, a few minutes is enough to 
break the silver coated colloidosomes and release the dye solution. However, with lower 
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ultrasound intensities a relatively long duration time is needed to damage the silver coated 
colloidosomes [46]. Further studies using low power ultrasound will investigate this. The 
breakage of the capsules with ultrasound seems to be size dependent, however, the SEM 
images were not plentiful enough to quantify this. Another factor is the distance of the 
capsules from the ultrasound probe, with those nearer the probe, more likely to be broken. 
Microscale silver shell colloidosomes should not be very toxic to cells, but after 
ultrasound treatment the nanoscale pieces of broken silver shells and silver ions may be toxic 
to biological systems [47, 48]. For future work, cell viability will be tested for silver shell 
samples with and without ultrasound treatment. 
Targeted carriers for dye solution. The home-built flow cell channel was used to 
perform targeted carriers experiments. Figure 10 shows the experimental flow chart. A gold 
film, which was immobilized with anti-rabbit IgG, was set up at the bottom of the channel. 
Firstly, a known volume of the PBS solution was ﬂowed into the channel. After washing, a 
suspension of dyed modified silver coated colloidosomes crosslinked with Rb-IgG in PBS 
solution, was injected using a syringe. After the channel was ﬁlled with the suspension, it was 
kept in this position for 10 min to allow the silver shell capsules to settle onto the gold film. 
After resting for 10 min, the PBS solution was ﬂowed into the channel to wash away any 
unbound analyte. Finally, the gold film coating with dyed silver shell colloidosomes was 
subjected to ultrasound to break the shell and release the dye. 
Figure 11 shows SEM images of the gold film after crosslinking with dyed silver shell 
colloidosomes. One can observe a large number of dyed silver coated colloidosomes attached 
on the gold film after the crosslinking reaction. The square crystals on the gold film are likely 
to be salt separating out from the buffer solution. This high efficiency of attachment illustrates 
the strong possibility for silver coated colloidosomes to be used as targeted carriers. Figure 12 
shows SEM images of the gold film coated with dyed silver shell colloidosomes after 
ultrasound treatment. It can be seen that after 240 s of the capsules attached on the gold film 
 14 
 
were destroyed into fragments with only very few capsules remaining intact. This indicates 
that the silver shell colloidosomes are promising to be used as targeted carriers for small 
molecules which can be released by ultrasound. 
CONCLUSIONS 
Our study has shown a novel type of silver coated colloidosomes which are capable for 
immunoassay targeting, small molecule encapsulation and triggered release by ultrasound. 
The colloidosomes were successfully demonstrated to encapsulate small molecules Allura 
Red AC and the shell of these structures was ruptured using ultrasound treatment. The 
colloidosomes were modified using 4,4’-dithiodibutyric acid and crosslinked with rabbit 
antigen. The Surface Plasmon Resonance which was used for an immunoassay sensitivity 
measurement proved that the functional colloidosomes crosslinking with the IgG can be 
captured by the anti-rabbit IgG immobilized on surface. The functional silver coated 
colloidosomes is believed to be promising for many future medical applications including 
targeted carriers for small bioactive molecules with controlled drug delivery and externally 
triggered release. 
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FIGURE CAPTION 
Figure 1. SPR experimental flow chart. 
Figure 2. SEM and processed TEM images of the silver coated colloidosomes: (a) SEM 
image of silver coated colloidosomes; (b) processed TEM image of a single silver coated 
colloidosome; and (c) Raman spectra for non-modified and modified silver coated 
colloidosomes.  
Figure 3. Possible reaction between the silver surface and 4, 4’-dithiodibutyric acid (DDA). 
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Figure 4. SPR reflectivity graphs: (a) (b) antigen solution; (c) (d) non-modified silver shell 
colloidosomes; (e) (f) modified silver shell colloidosomes, b, d and f graphs are presented as 
magnified insets for clarity purpose to illustrate shifts in spectra. 
Figure 5. Bar chart of the SPR wavelength shift for after 10 min settling and after washing.  
Figure 6. SEM images of modified silver shell colloidosomes attached on gold film after 
washing. 
Figure 7. Release of Allura Red dye from colloidosomes sealed with a silver shell, polymer 
shell and unsealed. Addition of nitric acid triggered the release from colloidosomes sealed 
with a silver shell. Error bars of the standard error of measurements, typically ±∼3%, are not 
shown for clarity. 
Figure 8. SEM images of silver shell colloidosomes after various sonication times: (a) 
untreated; (b) 120 s and (c) 240 s.  
Figure 9. CLSM images of dyed silver shell colloidosomes after various sonication times: (a) 
untreated; (b) 60 s; (c) 120 s and (d) 240 s. 
Figure 10. Targeted carriers experimental flow chart. 
Figure 11. SEM images of the gold film after crosslinking with dyed silver shell 
colloidosomes. 
Figure 12. SEM images of different parts of the gold film coated with dyed silver shell 
colloidosomes after 240 s of ultrasound treatment. 
 
 
 22 
 
Figure 1: 
 
 
 23 
 
Figure 2: 
 
 
 
 
 24 
 
Figure 3: 
 
. 
 
 
 
 
 
 
  
 25 
 
Figure 4: 
 
 26 
 
Figure 5: 
 
 
 
 
 
0
1
2
3
4
5
6
7
Modified silver shell
     colloidosomes
W
a
v
el
en
g
th
 s
h
if
t 
(n
m
)
 10 min
 Washing
Antigen solution Non-modified silver 
 shell colloidosomes
 27 
 
Figure 6: 
 
 
 
 
 28 
 
Figure 7: 
 
 
 
 
 29 
 
Figure 8: 
 
 
 
 
 
 30 
 
Figure 9: 
 
 
 
 31 
 
Figure 10: 
 
 
 
 
 
 
 
 32 
 
Figure 11: 
 
 
 
 
 33 
 
Figure 12: 
 
 
 
 
 
 
 
 
 
 34 
 
Table 1. Zeta potential of non-modified and modified silver coated colloidosomes 
Sample 
Zeta potential (mV) 
pH = 7 pH = 10 
Non-modified sample - 53.9 ± 1.1 - 63.2 ± 4.0 
Modified sample - 46.2 ± 1.0 -25.4 ± 4.1 
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